This is a single-centre, prospective, observational study that aimed to establish the incidence of airway events and the interventions required to manage these events in a 9-bedded general intensive care unit. During the 30-day study period there were 278 significant airway events requiring 332 interventions. Forty-six (16.5%) events were associated with hypoxia, and medical intervention was required for 25 events (9%) with the remainder managed by trained nurses or physiotherapists. The most frequent events were tube blockage due to secretions (47.8%) and circuit disconnection (14.3%). Events occurred more frequently in those ventilated with tracheostomy compared to endotracheal tube (event rate per ventilator day 1.76 vs 1), but these were less likely to lead to hypoxia (OR 2.93). We have found a rate of airway events of 1.22 per ventilator day and conclude that access to appropriately skilled and trained staff is required to manage these intensive care airway problems.
Introduction
Airway management in intensive care is associated with a high complication rate. 1, 2 An observational study carried out in Scottish intensive care units (ICUs) found that severe hypoxaemia (SpO 2 <80%) occurred following 22% of intubations and severe hypotension (systolic arterial pressure <80 mm Hg) following 20% of intubations. 2 The Forth National Audit Project of the Royal College of Anaesthetists (NAP4) identified 36 major complications of airway management in ICU in one year across the UK. It demonstrated that ICU patients were at greater risk of death from major airway complications. ICUs contributed only 20% of major airway complications, yet half of all deaths occurred there. 3 Complications of airway management in ICU are not just limited to the period of intubation. Analysis of National Patient Safety Agency data found that 82.3% of reported events occurred outside the period of intubation or tracheostomy insertion, 4 and NAP4 found that tracheostomy-related problems and tube displacements contributed significantly to major complications in the ICU. Twenty-two out of 36 major complications of airway management were unrelated to intubation. 3 NAP4 found that there were 133 major complications of airway management in theatre during a period in which there were approximately 2.8 million general anaesthetics. While NAP4 recognised differences in casemix, availability of trained staff and working environments, the context of the 36 intensive care events that occurred over the same time period was not established. The absolute number of patients with invasive airway management in ICU is undoubtedly fewer than in theatre, but the total duration of invasive airway management per patient is much greater.
We believe that in ICU there is a high and constant level of airway activity requiring skilled staff to identify and treat problems, and that these issues are not confined to the periods of intubation and extubation. We therefore sought to establish the number of significant airway events in our department and how they were managed. By linking this with clinical activity data, we established the frequency of airway events. We know that major complications of airway management are rare and so we did not necessarily expect to record such events during the duration of the project. However, by establishing the number and nature of significant airway events with the potential to cause patient harm if not appropriately recognised and treated, we quantified the background rate of airway activity. While this would provide context to national data documenting the number of major complications involving airways in ICU, we also hoped that it would enable us to focus our own training within the department, and to improve the way we manage invasively ventilated patients.
Methods
The project was carried out in a nine-bed general intensive care unit. Application was made to the local research and ethics committee and the study was deemed exempt from review, as data recorded was observational. Data were collected prospectively over a 30-day period, between 5th October and 3rd November 2012. All ventilated patients were included. In our department, it is standard practice to use continuous capnography in all ventilated patients.
Details of significant airway events were reported by the A prospective observational study of significant airway events in intensive care 1C01, 1C02, I106 staff involved in these events using a specifically designed form (see Table 1 ). Five questions were asked, with the option to select boxes or enter free text: 1. Was the patient ventilated with an endotracheal or tracheostomy tube? 2. What happened: what was the event? 3. Which intervention was performed? 4. Was input from medical staff required? 5. Were there any complications as a result of the event?
Hypoxia was defined as a fall in peripheral oxygen saturations to below 92% or a drop more than 5% below baseline.
Staff were encouraged to report any event that, if not recognised and treated, would have the potential to cause harm to the patient. If multiple events or interventions occurred simultaneously, they were all reported on one form.
Forms were available at each bedspace and at the nurse' s station. A box was positioned on the nurse' s station for submission of forms. To encourage reporting, the project was publicised at the nurses' weekly educational meeting, through email communication, at nursing shift handover and through face-to-face discussion.
Patient demographic data and the number of patient ventilator days were collected from Ward Watcher, ® the National Scottish intensive care audit database.
Results
During the study period there were 278 significant airway events requiring 332 interventions. Hypoxia was associated with 46 (16.5%) events and 25 (9.0%) events required medical intervention.
During our 30-day study period, there were 37 ventilated patients in the ICU. Patient characteristics are listed in Table 2 .
There were 228 ventilator days during the study period. On average, there were 1.22 significant airway events reported per ventilator day. The number of ventilator days, events and the event rate are compared for tracheal and tracheostomy tubes in Table 3 .
There were 278 significant airway events reported. The type and number of events are reported in Table 4 . The most frequently occurring events were tube blockages due to secretions (47.8%) and circuit disconnections (14.3%). Both of these events were over-represented in patients with tracheostomies, making up 62.1% and 16.8% of events respectively.
There were 332 unplanned airway interventions performed in response to the 278 significant airway events (see Table 5 ). The most commonly occurring interventions were airway suctioning (49.1%), administration of a sedation bolus (16.9%) and reconnection of a circuit (12.3%).
Complications were recorded in association with 46 (16.5%) of the significant airway events (see Table 4 ). For all 46 of these events, hypoxia was recorded. One event was also associated with a cardiac arrest but the event was not deemed to be causative. No other complications were recorded. The rate of events leading to hypoxia was 0.20 events per ventilator day. The events with the highest rates of hypoxia were displaced tubes (40%) and patient-ventilator dissynchrony (40%). The number of ventilator days, events leading to hypoxia and the rate of events leading to desaturation with comparison between tracheal and tracheostomy tubes are displayed in Table 3 . Hypoxia occurred more frequently in those ventilated by tracheal tube compared to tracheostomy tube (0.21 vs 0.14 complications per ventilator day).
Medical intervention was required for management of 25 (9.0%) events. The majority of events (88%) that required medical intervention involved patients ventilated by tracheal tube (see Table 3 ). High rates of medical intervention were required for displaced tubes (80%) and self-extubation (100%). Low rates of medical intervention were required for tube blockage due to secretions (4.5%) or the patient biting (6.3%) (see Table 4 ).
Unplanned airway interventions in ventilated patients in ICU

Discussion
Our study has shown that significant airway events occurred frequently in intensive care; in this case, 278 events in 228 ventilator days. They required a range of unplanned airway interventions and a significant proportion (9%) required medical intervention.
Tracheostomies
In our patient group, those with tracheostomies were more likely to have a significant airway event reported. The over-representation of airway events in patients with tracheostomies is consistent with published data. 3 One explanation for this could be that patients with tracheostomies usually require little or no sedation and as a result are more awake. This is supported by our results, which found that circuit disconnections and coughing, which are events that may occur more frequently in more mobile patients or in patients not receiving muscle relaxants, made up a greater proportion of airway events in those ventilated by tracheostomy tube compared to endotracheal tube. Although patients with tracheostomies were more likely to have an airway event reported, they were less likely to suffer hypoxia as a result. The rate of events leading to hypoxia per ventilator day was 0.14 for patients ventilated by tracheostomy tube and 0.21 for patients ventilated by tracheal tube (OR 2.93). The experience within our department is that patients selected to have a tracheostomy are less likely to be on high inspired concentrations of oxygen or levels of ventilatory support. We speculate that this may be a contributing factor in the lower rate of hypoxia associated with events in this group of patients. The management of events in patients with tracheostomies also had a correspondingly low level of requirement for medical intervention. Only two out of the 25 cases that required medical intervention were in patients with tracheostomies. This seems appropriate for a patient group that was found to be less likely to suffer oxygen desaturation in response to an event.
Disconnections
Disconnections represented 14.3% of all airway events. While the frequency of circuit disconnections has not previously been established, this is higher than we anticipated. Due to the recognition that over-sedation is potentially harmful, 5,6 it is possible that circuit disconnections are becoming a more frequent occurrence in ICUs. Therefore patients should have appropriate monitoring and appropriately trained staff available to detect and manage circuit disconnections. This is particularly important with increased use of side rooms in intensive care. 4 While circuit disconnections occurred frequently, the risk of hypoxia was low following this event. Only 5% of circuit disconnections led to a fall in peripheral oxygen saturations. A circuit disconnection may reflect the appropriate working of a breathing circuit in response to patient movement and strain on the circuit. Displaced tubes, in particular partially displaced tubes are associated with patient harm. 2 It may therefore be preferable to have a circuit disconnection, which is relatively easily managed and appears to be associated with a low risk of hypoxia, rather than a displaced tube.
Tube blockages and airway suctioning
The most frequently occurring event was tube blockage due to secretions, making up 47.8% of events overall, and 62.1% of events in patients with tracheostomies. The relatively high frequency of tube blockages due to secretions illustrates the importance of using double-cannula tracheostomies and cleaning the inner cannula at regular intervals. In this context, it is not surprising to note that the most frequently performed intervention was airway suctioning (49.1%). This is an intervention that has an associated morbidity 7 and therefore must be used when appropriately indicated and using the correct technique. This should be reflected in the training of intensive care staff.
Displaced tubes
During the study period, there were five displaced tubes. Incidents involving a partially displaced tube are recognised as being associated with a greater risk of harm to the patient compared to complete tube displacement. 4 In two of the five cases there was a fall in peripheral oxygen saturations, which represented a high rate of hypoxia compared to other reported events in our study. Medical intervention was only reported to have been required in the management of four out of five of these events. The circumstances of the displaced tube that did not require medical intervention were not known.
Hypoxia
We identified a relatively high rate of hypoxia (16.5%) in association with frequently occurring significant airway events. One reason for this may have been our definition, which was less than 92% oxygen saturation (or more than a 5% drop). We chose this value because we wanted to identify even relatively modest falls in peripheral oxygen saturation. While the risk of harm from such falls in peripheral oxygen saturation may be low, we believe that it acts as a marker of events which would have the potential to cause harm if not accurately recognised and treated promptly.
Medical intervention
Nine percent of events required medical intervention. This is almost one event a day in our nine-bed intensive care unit. While the majority of events appear to have been managed by nursing and physiotherapy staff, regular input is still required from medical staff. Although we did not attempt to establish the exact reason that medical intervention was required or what was done by the medical staff, it is likely that training in advanced airway management would be required to make an informed assessment of these clinical situations if simple measures had not already resolved the problem. This finding is particularly relevant in the context of changing skills among ICU doctors, where immediate medical assistance available often does not have advanced airway skills.
Limitations
There are limitations associated with voluntary reporting of events. Potential barriers to the reporting of events include the system used for reporting, 8 criticism. 9 In an attempt to overcome these factors we used a simple and accessible paper reporting system, collected a relatively modest amount of data on each event, provided boxes to select on the form and included the option to report the event anonymously. Efforts were made during a focused 30-day period to ensure the completeness of data, however we do not know what proportion of the actual number of events occurring were reported. The level of activity that we have documented is undoubtedly an underestimate. In the future we hope that electronic data capture and reporting will improve the completeness of airway event reporting. We did not collect data on the time that airway events occurred. In hindsight this information would have been useful to enable us to establish whether there was a correlation between airway events and staffing levels at certain times of the day.
Our study was performed in a single ICU using a locally developed reporting system and therefore our results may not be representative of other intensive care populations. However our ICU does manage a wide and general case mix when compared to national databases.
Conclusion
We have found that the rate of airway events was 1.22 per ventilator day and that 16.5% of incidents led to patient hypoxia. This would represent a rate of two hypoxic events per day occurring due to unanticipated airway incidents for every 10 patients ventilated in an ICU. As hypoxia can have serious consequences if not managed quickly and effectively, it is important that appropriately skilled and trained staff are available to manage intensive care airway problems.
